Same as Report (SAR)
Research, and combine it with the proven acoustic detection and satellite communication technologies to detect and report the presence of endangered marine mammals species in a short time frame.
APPROACH
We have divided our task into 9 phases as follows: 
WORK COMPLETED

SCORE Range test
Oregon State University (OSU) and University of Washington (UW) have participated a field work in the Navy's acoustic ranges, SCORE, CA in January, 2011. One QUEphone (Q3) was deployed on 1/5/2011 and recovered on 1/7/2011 by the RV Sproul. It repeated three 1000-m dives during the 2.5-day mission and reported four beaked whale call encounters via satellite and recorded approximately 35.5 hours (32 GB) of acoustic data. The progress of the QUEphone mission was monitored and controlled via satellite from the Oregon State University lab in Newport, OR during the operation. After 2.5-day mission, it drifted 15.4 km to the SW with average rate of 6 km/day (~7 cm/s). It stayed at parking depth of ~1000 m for approximately 17 hours/day and surfaced once a day at ~18:00 (GMT) to report the detections and its GPS position. Post cruise analysis shows that during the second dive on 1/6, the DSP reset occurred 8.5 hours after the 2-nd dive started. The following reboot failed to mount the file system and resulted in a loss of data for the following 21 hours (indicated by the blue line in Fig. 1 ). Post cruise analysis revealed that culprit was an untested driver of the new operating system. Since the SCORE test, the problem has been rectified by installing a newer operating system.
Data analysis
The SCORE data were analyzed in the lab and the QUEphone's performance of detecting beaked whale clicks by ERMA [1] was compared against the manually-detected and the M3R detection record of the SCORE range [2] .
Manual detections in the lab and reprocessing the data with ICI=0.2-0.7
By manually examining the acoustic record in the lab, 9 encounters with beaked whale were found. The Q3's real-time ERMA with ICI=0.2-0.5 detected only four encounters, which was 55% fewer than the manual detections. In the AUTEC range test, QUEphone's real-time acoustic data were processed with ICI =0.2-0.5 range, which worked well detecting Blainville's beaked whales and the results were comparable to the M3R record there. To investigate the reason for fewer detections in the SCORE, in the lab several ICI ranges were tested. We found that the optimum ICI range produced the best results was 0.2-0.7 for Cuvier which was predominant species in the SCORE range. Table 1 shows the times of manually detected encounters and comparisons to ERMA and the M3R detection record. ERMA detected 8 out of 9 manually identified encounters. There were a total of 108 encounters recorded by M3R for the entire range during the 2.5-day operation. All these 9 encounters were also found in the M3R record. Table 1 does not provide any range information of whales to Q3. The M3R record provided not only the start/end times of encounters but also the IDs of all the hydrophones which had detections. The hydrophone IDs are useful for estimating approximate locations of vocalizing whales and to estimate the approximate horizontal distance. If multiple hydrophones had detections, a vocalizing whale could be anywhere within the polygon defined by the hydrophones with detections. If the distance was less than 7.5 km and the time of detection matched, it was assumed that the call was made by the same whale and both systems had detections. The approach allowed estimating the horizontal distances between the center of array cluster where the clicking whale was inside and the Q3. Figure 2 shows the ERMA detections by Q3 and estimated horizontal distance from Q3 to the center of M3R hydrophones cluster versus time. A green continuous line is the depth of Q3 vs. time. An average horizontal distance from Q3 to M3R hydrophones with detection was 4.9 km. As discussed earlier the distances were between the center of M3R hydrophones cluster and Q1's position, and they were not actual range that signal travelled. Assuming that a typical source level of beaked whale is 200 dB [3, 5] , ambient noise level at 30 kHz is about 28 dB [4] , 9.5 dB/km of attenuation coefficient [4] and directivity index of 45 dB [3, 5] , if we assume that the whale is at the center of M3R hydrophone cluster, at 4.9 km distance gives off-axis signal to noise ratio (S/N) of approximately 7 dB, which is a sufficient level for ERMA detection. Another interesting finding was that no calls were detected when the Q3 depth was shallower than 750 m. Table 2 shows the number of detections by three methods categorized by horizontal distances. If we assume that beaked whale is at the center of M3R hydrophone cluster, at 5 km, S/N ratio is approximately 6 dB for an off-axis typical beaked whale source level of 155 dB. 83% (5 out of 6) positive and 17% negative (1 out of 6) detection rate of ERMA seems reasonable for the signal with S/N ratio > 6 dB. Less than 3 km ERMA, M3R and manual detections agree 100% (3 out of 3). There are three more calls detected outside of distance R>5km. From the sonar equation, beaked whale's source level (~200 dB) is probably not strong enough at the range > 5 km, unless the whale is pointing its main beam to a receiver. These are likely as a result of a whale being at a shorter distance to the Q3. Although the M3R array provides the best estimate where the whale could be, 3-4 km of array spacing gives an uncertainty to the range. More accurate method of estimating the range may be needed to estimate the range. There are 179 hydrophones in the SCORE range in the area of approximately 1500 km 2 . During the period that Q3 was operated, the M3R's array detected 108 beaked whale encounters within the entire range. As the Q3 drifted at depth of 1000 m for 15.4 km, Q3's ERMA detected 8 and manual method detected 9 encounters. Assuming a theoretical detection range of 5 km, the area that Q3 drifted through was approximately 154 km 2 (15.4 x 10), which represented approximately 10% of the SCORE range area. As compared to the total M3R detections in all ranges, the number of encounter detected by Q3 seems reasonable and approximately proportional to the area which had drifted through with 5 km of detection range for 2.5 days.
RESULTS
In the SCORE range, it was demonstrated that a profiling acoustic float, QUEphone was easy to operate, a reliable and a cost effective platform to monitor for endangered species in a limited area during the military exercise. One QUEphone (Q3) was deployed for 2.5-day and a near real-time ERMA detector with ICI=0.2-0.5 reported 4 beaked whale encounters via satellite. Post cruise analysis revealed that actual encounters were 9 and real-time ERMA's ICI range was set too narrow. The Q3 data were reprocessed by ERMA with ICI=0.2-0.7 in the lab and it has detected eight beaked whale encounters which were consistent to the M3R as well as the manual detections. As compared to the M3R record, within 5 km of hydrophone distance, it has detected approximately 83% true and 17% false positive. Within 3 km of hydrophone distance, Q3 detection agreed 100% with M3R.
IMPACT/APPLICATIONS
An acoustic profiler float with a powerful DSP engine, QUEphone, is reliable and useful for detecting the calls of endangered marine mammal species. It is easy to operate without requiring sophisticated launch and recovery system or an extensive training. Computing power of its internal processor, Blackfin 500-MHz DSP, has not been fully utilized yet and still room left to run more sophisticated algorithm such as species classification and array processing simultaneously for the future needs of users.
